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A method of Gloning proteins in yeast and cellulase frarr, 
Humicola insolens. 

FIELD OF INVENTION . 



5 



10 



The present invention relates to a method of screening for DNA 
sequences coding for proteins of interest, as well as to a 
proqesB for producing such proteins of interest. 

BACKGROUND OF THE INVENTION 



The^ advent of recombinant; DNA techniques has made it possible 
^"to select single protein components with interesting properties 
and produce them on a large scale. This represents an 
improvement over the previously employed production process 
15 using microorganisms isolated from nature and producing a 
mixture of proteins which would either be used as such or 
separated after the production step. However, the conventional 
cloning techniques have the drawback that each protein 
component has to be purified and characterized by its (parrial) 
2 0 amino acid sequence before it is possible to prepare synthetic 
oligbnucleotide probes for hybridization experiments. Since 
this is a rather time-consuming process, the cloning of novel 
proteins might be considerably expedited by using a screening 
method involving selecting clones expressing a desired protein 
25 activity. : , 

Suc^h a screening method has previously been devised for the 
clpning of prokaryotic gene products in Bacillu s, cf. US 
4,469,791; P. cornel is etal. , MoT . Gen . Genet , laS , 1982 , pp ■ 
30 507:-5ll; I . Palva , Gene 1£, 19 8 2 , pp. 81-87 ; S .A. Ortlepp, Gene 
23, 1983, pp. 267-276; H. Yamazaki et al., J. Bacteriol ,. 156, 

1983 , pp. 327-337; N:. Tsukagoshi et al . , Mol . Gen . Ge net^ 193, 
19 84 , pp. 58-63; M. Sibakov and I. Palva, Eur. J. Biochem. 145, 

1984 ,' pp. 567-572; and J. R. Mielenz, Proc ^tl. Acad. Sci. USA 
35 80, 1983 , pp. 5975-5979 . A screening method based on expression 

cloning 'of eukaryofeic genes in mammalian cells has been 
described, e.g. in D.P. Gearing et al . , TM_EMBO_a^ 8 , 1989, 
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pp. 3661-3616 7 N. Harada pt: a1 . VProc. Natl , Acad, Sci. USA 87 , 
1990, pp. 857-861; and R. Fukunaga et al . , Cell 61, 1^90, pp. 
341-350. _ 

5 SUMMARY OF THE INVENTION 

It has now been found possible to screen for yeast clones 
expressing protein activities of interest with, a view to 
isolating DNA coding for single protein components . 

10 ■ 

Accordingly, the present invent:ion relates to a method of 
screening for a DNA sequence coding for a protein of interest, 
the method comprising 

15 (a) cloning, in suitable vectors , a DNA library from an 
organism suspected of producing one or more proteins of 
interest, ■ 



20 



(b) transforming suitable yeast host cells with said vectors, 

(c) culturing the host cells under suitable conditions to 
express any protein of interest ^ncoded by a clone in the DNA 
library, and 

2S (d) screening for positive clones by determining any activity 
of a protein expressed in step (c) - 

As indicated above, expression cloning of prokaryotic genes in 
Bacillus has previously been described. The prokaryotic systems 

30 devised for expression cloning, however, are not operable for 
the cloning of eukaryotic genes which are generally difficult 
to express in Bacillus . While expression cloning of eukaryotic 
genes in mammalian cells has been described, it is more 
advantageous to use yeast as a host organism as it is possible 

35 to obtain a much higher transformation frequenc^r than with 
mammalian cells, and as yeast is far easier to cultivate. 
Furthermore, the yeast clones are stable whereas the mammalian 
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expression cloning , system . described in the references cited 
above is based on transient expression in COS cells. Unlike the 
mammalian system, the yeast system results in pure clones after 
the initial screening and, therefore, they need not be screened 
5 in pools and subpools as in the mammalian system. Apart from 
this conventional selection systems may be used to select yeast 
transf ormants . , i ' 

According to the present invention, it has surprisingly been 
10 found that yeast cells appear to be abXe to express 
heterologous genes extracellularly by means of heterologous 
secretion signals in amounts which are sufficient for screening 
purposes. Although expression cloning of certain proteins in 
yeast has been described previously (G . L. McKnight and B.L, 
15 McGonaughy, Proc. Nat ; Acad. Sci, USA 80 , 19B3 , pp . 4 4 12-4 4 16 ) , 
it has not been generally useful as it is based on 
complementation of essential genes and therefore is dependent 
on yeast host strains which have been mutated to lack these 
essential genes. In the present screening method, no such 
20 requirement is necessary for the yeast host strain to be used 
in the method. Besides, the gene products of the previously 
described method are intracellular rather than extracellular 
as in the present method. 

25 The advantage presented by the present screening method is 
primarily that it requires no prior knowledge of the structure 
of the protein of interest. This means that the rate at which 
novel genes may be isolated and, consequently, novel products 
be developed may be greatly increased. Furthermore, the method 

3 0 permits screening for multiple protein activities and may even 
result in the isolation of several different genes coding for 
the: same type of proteins: 

In another aspect, the present invention relates to a process 
35 for producing a protein of interest in a heterologous host 
cell, the process comprising transforming a suitable 
• heterologous host cell with a DNA sequence coding for ^ protein 
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of interest, which DNA secjuence has been isolated by the 
screening method of the invention/ culturing the transf onned 
cells under suitable conditions to express the protein, and 
recovering the expressed protein from the culture, 

5 

In a further aspect, the present invention relates to an enzyme 
which exhibits cellulase activity^, ' and which has the following 
characteristics 

10 (a) the DNA sequence encoding the enzyme has been isolated from 
a DNA library of Humicola ihsolens , 



15 



20 



25 



30 



(b) said DNA sequence comprises at least one of the following- 
partial sequences 



(i) 



(ii) 



(iii) 



(iv) 



TGGCAGCAGT GTGGTGGCG^ 
CCTGTGTGTC CGGTTACACG 
GTACAGCCAA TGC 
(SEQ ID#1) 

CAGCGCAGCC GACGACGTTA 
AGGGCAACAT GGACAACAAG 
CAACCACTCCG G 
(SEQ ID#2) 



CCAAGGCGAA 
GCTGAGTTCG 
CTTACTTCCT 



GTTCAAGTGG 
GCAAGGAGAG 
TCGCGACGTC 



ATCGTGGCTT CA (SEQ ID#3) 



TGGCTTCTCG 
TGCGTGTACT 



CGGACAACAC 
GTCAGCCCCG 



TTGGCATCAA 
TATCCGGCTA 
GTCGATTCAA 



GG CTeTACGT 
TGAACGACTG 



AACAACGACC 
GCTGCCACTT 



CCAGTCCTGG 
TGGGCAAGCA 
GCGCACATCA 



CTGACGTGAA CGTGACCAAC AACAACTTGG 
CGAGAACAAG GTGTGTAdCA GATGCATCA (SEQ XD#4) 



CCGTAGCGAC 



(V) 



35 



GGACGGTCCG GCACGAGCAC GGCCTGCGTC AGCACCCAGG 

TCGGCCTTCA GCGCGTCATT GGCGCGACCA ACTGGCTGAG 

GCAAAACGGC AAGGTTGGAC TGCTCGCGAC TTGCCGCGGG (SEQ 
ID#5) 
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(Vi) GCCAAGTGGG ■ TTTGCCAGCA GGGCATTGAG GGCATGCTGA 

ACCACCTCGA GGAGAATAGC GATGTCTGGA CAGGTGCGCT 
CTGGTGGGCG GGhGGCCCGT GGTGGGGTTG ACTATATCTA (SEQ 
ID#6) 

(c) the enzyme coinprises a cellulose-binding domain/ and 

(d) the enzyme exhibits endocellulase activity in the presence 
of; linear alkyl benzene sulfonate . 

10 ■ \ ■/ 

The enzyme of the invention may be isolated by the method of 
. the invention. 

In the present context, the term "cellulose-binding domain'* is 
15 intended to indicate an amino acid sequence capable of 
effecting binding df the enzyme to a cellulosic substrate; 
Cellulose'-binding domains have been found to be important for 
the endoglucanase activity of cellulytic enzymes on substrates 
(cf . the discussion in PCT/DK91/00124) • The term "endocellulase 
20 activity" refers to the ability of the enzyme to degrade 
cellulose to glucose, cellobiose, triose and other cello- 
• oligosaccharides, as determined by the formation of clearing 
zones in a carboxymethyl cellulose (CMC) gel under the 
conditions specified below. Unlike the endocellulase described 
25 in PCT/DK91/00123 ) , the enzyme of the present invention shows 
substantially unchanged stability in the presence of linear 
alkyl benzene sulfonates . This is an important advantage as 
linear alkyl benzene sulfonates are commonly used in detergent 
eompbsitions . 
30 ■ 

DETAILED DISCLOSURE ;0F THE INVENTION 

AcGording to the invention, the DNA library is preferably a 
cDNA library prepared from the _mRNA of an organism suspected 
35 of producing one or more proteins of interest. Although it may 
also be possible to screen genomic libraries in this manner, 
at least some potential yeast hosts may not be able^to splice 
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eukaryotic genomic DNA correctly, and therefore a positive 
result of the screening may more often be obtained by using 
cDNA instead. 

5 To ensure a more accurate result, it may be an advantage to 
subject positive clones isolated in step (d) of the present 
method to rescreening, reisolation and recloning. . 

The organism suspected of producing one or more proteins of 
10 interest is typically a eukaryotic organism, in particular a 
fungus since fungi are known to produce a large number of 
different proteins which makes the traditional process of 
isolating a gene coding for a particular protein product by 
initially purifying^ each protein separately particularly 
15 cumbersome. This makes it pdrticUlarly advantageous to screen 
fungal DNA libraries by the method of the invention because a 
large number of different protein activities (and DNAs coding 
for them) may be identified within a relatively short time-span 
using the same library, in this respect, screening of yeast 
20 colonies for different protein activities is far more efficient 
than screening of filamentous fungi as a large niimber (i.e. 
about 500-lOOQ) of yeast colonies may be grown on each plate, 
compared to 10-50 filamentous fungi/plate. 

25 One type of industrially useful proteins currently obtained 
from fungi is enzymes. Thus, yeast clones may be screened by 
the method of the invention for expression of one or more 
enzyme activities by means of appropriate assays. Examples of 
enzymes which may be identified by this method are 

30 carbohydrases , e.g. cellulytic enzymes such as endocellulases, 
cellobiohydrolases , ^-glucanases or ^-glucosidases , 
hemicellulases or pectinolytic enzymes such as galactanases, 
galactosidases, roannanases, xylanases, pectinases, xylosidases, 
arabanases , rhamnogalacturonases or amylases; esterases, e.g. 

35 lipolytic enzymes such as lipases ; proteases ; oxidoreductases , 
e.g. peroxidases, oxidases or laccases; or isomerases, e.g. 
glucose isomerase. 



wo 93/11249 



PCT/DK92/00360 



A Wide range of indicator systems for the different types of 
enzymes may be used for the screening of yeast colonies on agar 
plates. For instance, endocellulases may be identified by 
clearing zones in carboxymethyl cellulose after staining wxth 
5 Congo Red; similar methods may be used to detect glucanases, 
xylanases and galactanases. Endoarabanases may be identified 
by blue 2ones obtained after dissolution of azurine-crossl inked 
araban. This principle is general and may be used to detect, 
eg., mannanases, : xylanases and cellulases. Pectinases 
10 (polygalacturonases and pectin lyases) may be identified by 
clearing zones in pectin after precipitation with quaternary 
ammonium ions. Amylases may be identified by clearing zones in 
starch after visualisation with iodine, a-galactosidases may 
be detected by the 'release of p-nitrophenol (yellow) from p- 
15 nitrophenol-a-galactopyranoside or by coupling released 
naphthole or naphthole derivatives from, e.g., 1-naphthole-a- 
galactopyranosideto azo dyes; similar methods may be used to 
detect ^-galactosidases, a- and ^-glycosidases, /3-xylosidase 
and /3-mannosldase,.; Numerous methods are available for the 
20 detection of proteases, e.g. Glearing zones in casein after 
precipitation with trichloroacetic acid. Peroxidases and 
oxidases may be detected by the reaction of 4-aminoantipyrane 
with ESBT (N-ethyl-N-sulfobutyl-in-toluidine) in the presence 
of hydrogen peroxide (generating a purple colour) . Lipases may 
25 be detected by the formation of clearing zones in tributynne 

emulsions. 

The yeast strain' selected to be the host cell for the DNA 
library may be any yeast strain conventionally used for the 
30 cloning of heterologous DNA sequences. Thus, the yeast strain 
may suitably be selected from Saccharomyces sp. , such as 
c;..nharomvces cereVisiae, Sar.nharomyces kluyveri, F^accharomyces 
- in^rir- -^-^ ^ ^n^accharomvces nombe, Hansenula sp. Pichia sp. , 
varrowia sp. such as Yarrowia liEQlytica, or Klu yveromvces sp. 
vinyvftromvces lactis. 
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The vector used for cloning the DNA library may be any vector 
which may conveniently be subjected to recombinant DNA 
procedures. In each vector, the DNA sequence derived from the 
library should be operably connected to a suitable promoter 
5 sequence. The promoter may be any DNA sequence ^ which shows 
transcriptional activity in the yeast cell. Examples of 
suitable promoters for use in - yeast host cells include 
promoters from yeast glycolytic genes CHitzemafi et al. , J\ 
Rfol. Chem. 255, 1980, pp. 12073-12080; Alber and Kawasaki, 
Id Mnl , Annl. Gen. 1. 1982, pp. 419-434) or alcohol dehydrogenase 
genes {Young et al . , in flenetic E ngin ee r ing of Microorganisms 
for- Chemicals CHollaender et al, eds Plenum Press , New York, 
1982) , or the TPIl (US 4 , 599, 311) or ADH2-4c (Russell et al.. 
Nature 304, 1983, pp. 652-654 > promoters. 



15 



20 



Each DNA library sequence may also be operably Gonnected to a 
suitable terminator, such as the TEH (Alber and KaWasaki, o£^ 
cit. ) or ADH3 (McKnight et al. , on- cit^) or yeast MFa 
terminators. 



The vector may further comprise a DNA sequence enabling the 
vector to replicate in yeast cell. An example of such a 
sequence is the yeast plasmid 2n replication genes REP 1-3 and 
origin of replication. If the vector is a yeast/E^ coli shuttle 

25 vector, it will also include an origin of replication region 
Which is functional in E^ coli- The vector may also comprise 
a selectable marker, e.g. a gene the product pf which 
complements a defect in the host cell such as URAlr or one 
which confers resistance to a drug, e.g. ampicillin!, kanamycin, 

30 chloramphenicol, tetracyclin, etd/, or the Srhi riosaccharom yces: 
pombe TPI gene (described by P. Russell, Gene 4^, 1985, pp. 
. 125-130) . . ■ ' 

The procedures used to ligate the DNA library sequences, the 
35 promoter and the terminator, respectively, and to introduce 
them into suitable vectors containing the information necessary 
for replication, are well known to persons skilled in the art 
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(cf . , for instance, Samtjrook et al . , Molecular Cloning : A 
r.aboratorv Manual , Cold Spring Harbor, New York, 1989). The 
transformation of yeast cells may for instance be effected by 
protoplast formatior) followed by transformation or by the LiAc 
5 method in a manner known per se. 

In the process of the invention ' of producing a protein of 
interest after the DNA coding for the protein has been isolated 
by the screening method described above, the heterologous host 
10 bell transformed with the isolated DNA sequence may be a strain 
or a filamentous fungus, e.g. fungi belonging to the groups 
Phycomycetes, Zygomycetes, Ascomycetes, Basidlomycetes or Fungi 
Imperfecti, including Hyphomycetes such as the genera 
AsperQillus , Trichoderma . Penicillium . Fusarium or Humicola . 



15: : 

The filamentous fungus host organism may conveniently be one 
which has previously been used as a host for producing 
recbmbinant proteins,, e.g. a strain of Aspergillus sp. , such 
ast A. niger. A. nidulans or A. orvzae . The use of A^ oxyzae in 

20 the production of recombinant proteins is extensively described 

. ;: , /^:in,t::e.;gv ■Ef''-238 023;. ' ' ■ 

In;p^ when the host organism is A^ oryzae, a preferred 

promoter for use in the process of the present invention is the 
25 A. orvzae TAKA amylase promoter as it exhibits a strong 
trahscriptional activity in A^ orzsae. The sequence of the TAKA 
amylase promoter appears from EP 238 023. 

Termination and polyadenylation sequences may suitably be 
3 0 derived from the same sources as the promoter. 

The techniques used to transform a fungal host cell may 
suitably be as desctibed in EP 238 023. 

35 The medium used to; culture the transformed host cells may be 
any conventional medium suitable for growing Aspergillus cells. 
The mature protein secreted from the host cells may 



wo 93/11249 PCr/DK92/00360 



10 



10 



conveniently be recovered from the culture medium by well-known 
procedures including separating the cells from the medium by 
centrifugation or filtration, and precipitating proteinaceous 
components of the medium by means of a salt such as ammonium 
sulphate, followed by chromatographic procedures such as ion 
exchange chromatography, affinity chromatography, or the like. 

A preferred endocellulase enzime according to the invention is 
an enzyme, a crude extract (15 /il) of which diluted with one 
volume of 0.15% linear alkyl benzere sulfonate and added to a 
2% agarose gel containing 1% carboxymethyl cellulose in 50 mM 
sodium phosphate buffer, pH 7 , mixed with one volume of 0.15% 
linear alkyl sulfonate forms a clearing zone in said agarose 
gel after 18 hours of incubation, which clearing zone is equal 
15 to (less 3 mm) the clearing zone formed in a similar 
carboxymethyl cellulose gel not containing any linear alkyl 
benzene sulfonate, provided that: the concentration of enzyme 
in the extract is such that a clearing zone of at least 10 mm 
is formed in a carboxymethyl cellulose gel (with no linear 
20 alkyl benzene sulfonate) under the conditions specified above. 

The DNA sequence coding for the enzyme may for xnstance be 
isolated by screening a cDNA library of Humieola Insolens , e.g 
strain DSM 1800, deposited on 1 October 1981 at the Deutsche 
Sammlung von Mikroorganismen in apcordance with the provisions 
of thd Budapest Treaty and selecting for clones expressing the 
appropriate enzyme activity (i.e. tendocellulase activity as de- 
fined above) . The appropriate DNA Jsequence may then be isolated 
from the clone by standard procedures, e.g. as described in 
30 Example 1. 

In a further aspect, the invention relates to a detergent 
additive comprising the enzyme of the invention. The detergent 
additive may suitably be in the form of a non-dusting granula- 
35 te, stabilized liquid or protected enzyme. Non-dusting 
granulates may be produced e.g. according to US 4,106,991 and 
4,661,452 (both to NOVO IndustriA/S) and may optionally be 
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coated by methods known in the art. Liquid enzyme preparations 
may, for instance, be stabilized by adding a polyol such as 
propylene glycol, a sugar or sugar alcohol,, lactic acid or 
boric acid according to established methods. Other enzyme 
stabilizers are well known in the art. Protected enzymes may 
be prepared according to the method disclosed in EP 238 216. 

It will be understood that the detergent additive may further 
include one or more other enzymes, such as a protease, lipase, 
perpxidase or amylase, conventionally included in detergent 

additives. ■ 



in a still further aspect, the present invention relates to a 
detergent composition comprising the enzyme of the invention. 
15 The detergent composition of the invention may be in any 
convenient form, e.g. as powder, granules or liquid. A Irquxd 
detfergent may be aqueous, typically containing up to 90% water 
and 0"20% organic solvent. 

20 The detergent composition comprises a surfactant which may be 
"anionic, non-ionic, cationic, amphoteric or a mixture of these 
types. The detergent will usually contain 0-50% anionic 
surfactant such as linear : alkyl benzene sulphonate (LAS) , 
alpha-olefin sulphonate (AOS), alkyl sulphate (AS) , alcohol 

25 ethdxy sulphate (AES) or soap. It may also contain 0-40% non- 
ionic surfactant such as nonyl phenol ethoxylate or alcohol 
ethbxy late. Furthermore, it may contain a polyhydroxy fatty 
acid amide surfactant (e.g. as described in WO 92/06154). 

30 The detergent composition may additionally comprise one or more 
other enzymes, such a;s an amylase, lipase, peroxidase, oxidase 
or protease . 

The pH (measured in aqueous detergent solution) will usually 
35 be neutral or alkalfne, e.g. 7-11. The detergent may. contain 
1-40% of a detergent builder such as zeolite, phosphate, 
pho.phonate, citrate, NTA, EDTA or DTPA, alkanyl^ succinic 
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anhydride, or silicate, or it may be unbuilt (i . e . essentiallY 
free from a detergent builder) . It may also contain other 
conventional detergent ingredients , e.g. fabric conditioners, 
foam boosters, bleaching agents, 4.g. perborate, percarbonate, 
5 tetraacetyl ethylene diamine (TAED) , or nonanoyloxybenzene 
sulfonate (NOBS), anti-corrosicbn agents, soil-suspending 
agents, sequestering agents, anti-soil redeposition agents, 
stabilizing agents for the enzyme (s) , foam depressors , dyes , 
bactericides, optical brighteners or perfumes. 



10 



Particular forms of detergent composition within the scope of 
the invention include: 



a) A detergent composition formulated as a detergent powder 
15 containing phosphate builder, anionic surfactant, nonionic 

surfactant, silicate, alkali to adjust to desired pH in use, 
and neutral inorganic: salt. 

b) A detergent composition' formiilated as a detergent powder 
2 0 containing zeolite builder, anionic surfactant, nonionic 

surfactant, acrylic or equivalent polymer, silicate, alkalx to 
adjust to desired pH in use, and neutral inorganic salt. 

c) A detergent composition formulated as an aqueous detergent 
25 liquid comprising anionic surfactant, nonionic surfactant, 

humect^nt, organic acid . caustic, alkali, with a pHin use 
adjusted to a value between 7 and 10.5. 

d) A detergent composition formulated as a nonaqueous deter- 
30 gent liquid comprising a liquid nonionic surfactant consisting 

essentially of linear alkoxylated primary alcohol, phosphate 
builder, caustic alkali, with a pH in use adjusted to a value 
between about 7 and 10.5- 

35 e) A detergent composition formulated as a detergent powder 
in the form of a granulate having a bulk density of at least 
600 g/1 , containing anionic surfactant and nonionic surf actant. 



wo 93/11249 PCr/DK92/00360 

13 

low or substantially zero, neutral inorganic salt, phosphate 
builder, and sodium silicate, 

f) A detergent composition formulated as a detergent powder 
5 in the form of a granulate having a bulk density of at least 
600 g/1, containing anionic surfactant and nonionic surfactant, 
low, or substantially zero neutral inorganic salt, zeolite 
builder, and sodium silicate. 

10 g) ■ A detergent composition formulated as a detergent powder 
containing anionic surfactant, nonionic surfactant, acrylic 
polymer, fatty acid soap, sodium carbonate, sodium sulphate, 
clay particles, and sodium silicate. 



15 



20 



25 



30 



35 



h) A liquid compact 'detergent comprising 5-65% by weight of 
surfactant, 0-50% by weight of builder and 0-30% by weight of 
electrolyte. 

Apart from these ingredients, the detergent compositions a) -h) 
include the cellulase of the invention and optionally one or 
more other enzymes, as indicated above. 

The softening, soil: reiaoval and colour clarification effects 
obtainable by means of the enzyme of the invention generally 
require a concentration of the enzyme in the washing solution 
of 0.0001 - 100, preferably 0.0005 - 60, and most preferably 
0.01 - 20 mg of enzyme protein per liter. The detergent 
composition of the invention is typically employed in 
cohcentrations of 0.5 - 2 0 g/1 in the washing solution. In 
general, it is most convenient to add the detergent additive 
in amounts of 0.1 - 5% w/w or, preferably, in amounts of 0.2 - 
2% of the detergent composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 'is a map of plasmid pYHDl?, wherein "TPI promoter" 
indicates the S. ! cerevisiae triose phosphate _ isomerasa 
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piromoter, "Terminator" indicates the S. cerevisiae triose 
phosphate isomerase terminator,: "Amp" Indicates the gene 
mediating ampicillin resistance, "2^ ori" indicateB the yeast 
plasmid 2M origin of replication, and "URA3" indicates a gene 
5 encoding a selection marker complementing a uracil deficiency 
in the host strain; and 

Fig. 2 is a map of plasmid pHD4l4, wherein "AMG- .T^ 
indicates the A. nicrer glucoamylase terminator, aim "TAKA 
10 Promoter" indicates the A . oryza^ TAKA amylase promoter ; 

The present invention is further Illustrated in the following 
examples which are not in 'any way intended to limit the scope 
of the invention as claimed. 



EXAMPLES ■ ■ ' 
Materials and Methods 

20 Donor organism: mRNA was isolated from the following organisms: 
H. insolens , DSM 1800, grown in a cellulose-rich fermentation 
medium with agitation to ensure sufficient aeration. 

construction of an expression plasmid: The commercially 
25 available plasmid p YES II (Ihvitrogen) was cut with Spel, 
filled in with Klenow DNA polymerase + dNTP and cut with Clal. 
The DNA was size fractionated on an agarose gel, and a fragment 
of about 2000 bp was purified by electroelution. The same 
plasmid was cut with Clal/PvuII, and a fragment of about 3400 
30 bp was purified by electroelution. The two fragments were 
ligated to a blunt-ended Sphl/EcoRI fragment containing the 
yeast TPI promoter. This fragment was isolated from a plasmid 
in which the TPI promoter from cerevisia e (cf . T. Albers and 
G. KawasaXi, - ^oi Ar.r,1 . Genetv 1, 1982, pp. 419-434) was 
35 slightly modified: an internal sphi site was removed by 
deleting the four bp constituting the core of this site. 
- Furthermore, redundant sequences upstream of the promoter were 
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removed by Ball exonuclease treatinent followed by addition o: 
a .SphI linker. Finally, an EcoRI linker v;as added at position - 
10. After these modifications ; the promoter is included in c 
Sphl-EcoRI fragment.: Its. effeciency compared to the originaJ 
5 promoter appears to be unaffected by the modifications. The 
resulting plasmid p¥HD17 is shown in Fig. 1. 

isolation of mllKA: -Total RNA was isolated f rem approximatel\ 
7 g of mycelium- The mycelium was frozen in liquid nitrogen anc 
10 ground in a mortar with 1 g of quartz sand to a, consistency ox 
flour. The RNA was extracted with guanidinium thiocyanate anc 
centrifuged through CsCl essentially as described In Sambroo} 
et al,, 1989, op. cit . . Poly A RNA was isolated from total RlIA 
by chromatrography on oligo dT cellulose. 

15, .■ 

cDNA synthesis: cDNA synthesis was carried out by means of a 
cDNA synthesis kit from Invitrogen according to the 
manufacturer ' s specifications . The DNA was adapted to the 
expression vectors by addition of a Bstxl linker (Invitrogen) 

20 and size fractionated on an agarose gel. Only DNA larger than 
5-600 bp was used in: the library construction. The adapted cDNA 
was ligated into an appropriate vector cut with Bstxl. 
Following test ligations (in order to determine the size of the 
library) the library was plated onto 50 agar plates . To each 

25 plate containing from approximately 500 to 5000 individual 
clones (dependent on the library size) was added 3 ml medium. 
The bacteria were scraped off, 1 ml glycerol was added, and 
stored at -80'^C as 50 pools. The remaining 2 ml were used for 
DNA isolation. If the amount of DNA was insufficient to give 

30 the required number of yeast transformants (see below) , large 
scale DNA was prepared from 5 00ml medium (TB) inoculated with 
50 Ml "80 *C bacterial stock propagated over night. 

construction of Yeast Libraries : DNA from one or inore pools was 
35 transformed into yeast as described below. To ensure that all 
the bacterial clones were tested in yeast a number of yeast 
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transforBrants 5 x largeir th^n the nuinber of bacteria clones in 
the original pools was set as a limit. 

Transformation of yeast: The, yeast strain used was yNG2 31. (MAT 
5 alpha, leu2, ura3-52, his4-539, pep4 -delta 1, cir-^) . One colony 
was grown at 30 ' C overnight in IQ ml YPD (this culture can be 
stored for several days at 5°C).,. 

10 3 0 and 60 M of this culture were added to 3 shaker flasks 

10 containing 100 ml YPD, and incubated with shaking overnight at 
30' C. The culture with an OD.oo closest to 0 . 3-0 . 4 was selected. 
The cells were harvested in 50 ml tubes in a Beck^an centrifuge 
(speed 6, 10 minutes) , the cells were resuspended in 2 x 5 ml 
H,0, centrifuged as described above, resuspended in 5 ml buffer 

15 containing 0 .1 M LiAc, 10 mM Tris-Cl , 1 mM EDTA, pH 7 . 5 , and 
centrifuged again. The cells, were resuspended in 500 ^rr of the 
above buffer and incubated for 60 minutes at 30'C. 250 i^g 
carrier DNA (sterile salmon - sperm DNA 10 mg/ml) was added and 
aliquots of 100 Ml were prepared. The DNA to be transformed 

20 (approx. 5 Mg) was added to the 100 ^1 aliquot, mixed gently, 
and incubated for 30 minutes at 30" c. 7 00 ^1 40% PEG 4000, 0.1 
M LiAc, 10 mM Tris-Cl, 1 mM EDTA, pH 7.5 was added, and 
incubation was continued for 60 minutes at 3 0 ° C . The 
transformation mixture was subjected to heat shock for 5 

25 minutes at 42'C, spun briefly in a micro centrifuge 
resuspended in 100-200 ^1 H,o, and plated on SC plates wa.thout 
uracil, followed by incubation fdr three days at 30'C. 

preparation of carrier DNA: loo mg. salmon-sperm DNA was weighed 
30 out and dissolved overnight in 10 ml 10 mM Tris-Cl, 1 mM EDTA, 
pH 7 5 (TE). The solution was then sonicated in a plastic 
container in ice water until it was no longer viscous. The 
solution was then phenole extracted and EtOH precipitated, and 
the pellet was washed and resuspended in 5 ml TE. The 
3 5 suspension was EtOH precipitated, knd the pellet was washed and 
resuspend in 5 ml TE. The OD,,, was measured, and the suspension 
was diluted with TE to 10 mg/ml. 
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Medi.a: „„+-^-ne. HO to 810 ml- 

.PO: 10 g yeast extract, 20 ^^^^^^^^ 
Autoclaved, 90 xal 20%. glucose (sterxla fxlter 

1 salt- 66 8 g yeast nitrogen base, 100 g succinic 
5 10 X Basal salt. 66.a g y, .^^..^ filtered, 

acid, 60 g NaOH, H,0 ad 1000 ml, sterile 

1+- 97 5 ml 20 % casamino acids, 
SC-URA: ^0 .110 X Basal Balt^2. 5-1^^^^^^^^^ 3.6 .15% 

9 ^1 1% tryptophane, H^O , ad 806 ml, au 
10 threonine and 90 ml 20% glucose added. , 

,5 c/1 yeast nitrogen base without amino acids, 
SC-H agar: 7-5 g/1 ye NaOH, 5.6 g/1 casamino acids 

11.3 g/1 succinic acid, 6.8 g/1 Na (Bacto) . 

* A T n/1 tirvptophan and 20 g/-i ciy v 
without vitamins, 0.1 ^/^^^^^^^^ ^^^^ autoclaving, 55 ml of 
15 Autoclaved for 20 min. at 121 . threonine solution 

a 22% galactose solution and l.B ml of a 5 . 
were added per 450 ml agar. 

==f nltroaen base without amino acids, 
SC-H .roth: ^ HaOH. 5.6 g/1 casamino acids 

.0 11.3 g/1 succinic ^^^^ J'^^/,,^^,,^^ fo. 20 min- 

without vita^nins, 0.1 g/1 YP ^ galactose solution, 

at 121 -C. After autoclaving, 10 -1 a 3 ^ ^ threonine 

5 ml of a 30% glucose solution and 0.4 ml of 
solution were added per 100 ^^m^^ 

/I Tm PD 16.7 g/1 agar, pH adjusted to 7. 
VNB-1 agar: 3.3 ^Z^. ^h^^-^^^ autoclaving, 25 ml of 

Autoclaved for 20 man. at 121 C. a ^ ^ , ^ ^ 40% 

^^^■^^^-^^"'-°:7Tr:irtz::::r:::^^^r,^'^^ ..... 
3„ -------- 

aaar but without the agar. 
YNB-1 broth: Composition as YNB-1 agar, 

v. aaarose; 1% carboxymethyl cellulose in 
CMC overlayer gel: 1-s agaros . . then cooled 

35 Tris-malate buffer, pH 7. The g ^ ^ plates, 

to 55-G before the] overlayer was poured onto g 
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Oat spelt xylan overlayer gel : 1% agarose, 1% oat spelt xylan 
(Sigma Chemical Company) in Tris-inalate buffer, pH: 7. The gel 
was boiled and then cooled to 55 "C before the oVerlayer is 
poured onto agar plates, 

5 

Construction of an Aspergillus expression vector: The vector 
pHD414 is a derivative of the plasmid p775 (described in EP 238 
023), In contrast to this plasmid, pHD 414 has a string of 
unique restriction sites between the promoter and the 
10 terminator. The plasiuid was constructed by removal of an 

'approximately 200 bp long fragment (containing undesirable RE 
sites) at the 3 ' end of the terminator, and subsequent removal 
of an approximately 250 bp long fragment at the 5 'end of the 
promoter, also containing undesirable sites. The 200 bp region 
15 was removed by cleavage with Narl (positioned in the pUC 

vector) and Xbal (just 3 ' to the terminator) , subsequent 
filling in the generated ends with Klenow DNA polymerase -f-dNTP, 

purification of the vector fragment on gel and religation of 

the vector fragment. This plasmid was called pHD4 13 ; pHD413 was 
20 cut with Stui (positioned in the 5'end of the promoter) and 

PvuII (in the pUC vector) / fractionated on gel and religated. 

The plasmid pHD 414 is shown in Fig. 2 . 

Example 1 

25. - ; V 

A library fro m H. insoleris consistincr of apprgx:. 3 00, 000 
individual clones in 50 pools was constructed. 

DNA was isolated from 20 individual clones from the library and 
30 subjected to analysis for cDNA insertion. The insertion 
frequency was found to be >90 % and the average insert size was 
approximately I400bp. 

DNA was isolated from 10 pools from the Humicola library (2ml 
35 from the original plate). An aliquot was digested with 
restriction enzymes in order to excise the cDNA insert and 
analyzed by Southern blot using 43}cD cellulase cDNA probe 
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(the 43 kD enzyTne is disclosed in PCT/DK91/00123 ) and a CBH 2 
cDNA probe (the en^y7ne is disclosed in PCT/DK91/00124 ) . Several 
bands were found to .^hybridize v/ith the 43kD cellulase probe 
after a low stringency wash ( 2x SSC 65 °C) in the 10 pools from 
5 the Humicola library. At higher stringency (0.1 x SSC, 75^C ) 
one band corresponding to the expected size for 4 3}cD cellulase 
was detected in 5 out of 10 pools. Similar results were 
obtained with the CBH 2 probe. Here 10 out of 10 pools were 
found to have a band corresponding to the expected size for CBH 
10 2. In addition/ 4 pools contained bands with a higher molecular 
weight. These bands were seen even under stringent conditions, 
demonstrating that the library is of an appropriately high 
quality. 

15 DNA f rom the Humicol a , library , pools 1-10, was transformed into 
yeast, and plates containing 20-25,000 colonies were obtained 
from each pool. The colonies were scraped off and stored in 
glycerol at -80"C. 

20 Yeast cells from the library were spread onto YNB agar to a 
total of about 400,000 colonies. The number of colonies per 
plate varied from 50 to 500. After 4 or 5 days of growth, the 
agar plates were replica plated onto two sets of SC-H agar 
plates. These plates were then incubated for 2-4 days at 30*0 

25 before the two sets of agar plates were overlayered with a CMC 
indicator gel for detection of cellulase activity and oat spelt 
xylan indicator gel for the detection of xylanase and 
cellulase. After incubation overnight at 40**C, enzyme reactions 
were visualised with iCongo^ Red. 10-15 ml of a 0.1% solution of 

30 Congo Red was poured onto the overlayer and removed after 10-20 
min. The plates were then washed once or twice by pouring 10-15 
ml of 2M NaCl onto the plates. The NaCl solution was removed 
after 15-25 min. Cellulase-positive colonies were identified 
on the plates with the- CMC _ overlayer as colonies with 

35 colourless or pale red clearing zones on a red background. 
Xylanase-positive colonies identified on the plates with oat 
spelt xylan overlayers as colourless or pale red clearing zones 
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on a red background. Celiulase-positive colonies were also 
identified on plates with oat spelt xylan overlayers as pale 
red or blue clearing zones on a red background. ^ 

5 Cells from enzyme-positive coldnies were spread for single 
colony isolation on agar, and an enzyme-producing single colony 
was selected for each of the celliilase- or xylanase-producing 
colonies identified. 



10 



15 



20 



Each of the 13 3 cellulase-producing colonies and 147 of the 
xylanase-producing colonies were isolated. Some of these 
colonies were inoculated into 20 ml YNB-1 broth in a 50 ml 
glass test tube. The tube was shaken for 2 days at 3 0 •'C. The 
cells were harvested by centrif ugation for 10 min. at 3 000 rpm. 



The cells were resuspended in ^ ml 0.9 M sorbitol, 0.1 M EDTA, 
pH 7.5. The pellet was translerred to an Eppendorf tube, and 
spun for 3 0 seconds at fuil speed. The cells were resuspended 
in 0.4 ml 0.9 M sorbitol , 0 .1 M EDTA, 14 mM /3-mercaptoethanol. 
100 /il 2 mg/ml Zymolase was added, and the suspension was 
incubated at 37 "C for 30 minutes and spun for 30 seconds. The 
pellet (spheroplasts) was resuspended in 0.4 ml TE. 90 nlof 
(1.5 ml 0.5 M EDTA pH 8 . 0 , 0 . 6 ml 2 M Tris-Cl pH 8 . 0 , 0 . 6 ml 
10% SOS) was added, and the suspension was incubated at eS'C 
25 for 30 minutes. 80 /il 5 M KOAc was added, and the suspension 
was ihcubated on ice for at least 60 minutes and spun for 15 
minutes at full speed. The supernatant was transferred to a 
fresh tube which was filled with EtOH (room temp. ) followed by 
thorough but gentle mixing and spinning for 30 seconds. The 
30 pellet was washed with cold 70% fiTOH, spun for 30 seconds and 
dried at room temperature. The pellet was resuspended in 50 /xl 
TE and spun for 15 minutes. The supernatant was transferred to 
a fresh tube. 2.5 fil 10 mg/ml RNase was added, followed by 
incubation at 37'C for 30 minutes and addition of 500 M 
35 isopropanol with gentle mixing. The mixture was spun for 30 
seconds, and the supernatant was removed. The pellet was rinsed 
with cold 96% EtOH and dried at room temperature. The DNA was 
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dissolved in 50 Jul water to a final concentration of 
approximately 100 fj,l/ml. 

The DNA was transformed into E.coli. by standard procedures. 
5 Two coli colonies were isolated from each of the 

transformations and analysed with the restriction enzymes 
Hindlll and Xbal which excised the DNA insert, DNA from one of 
these clones was retransformed into S. cerevisiae strain JG169 
(HATa; ura 3-52; -leu 2-3, 112 ; his 3-D2O0; pep 4-113; 
10 pr;cl: :HIS3; prbl:: IiEU2) and rescreened for enzyme activity. 

The DNA sequences of several of the positive clones were 
partially determined. The partial DNA sequences are shown in 
Sequence Listings SEQ ID#7"15 / Based on the DNA sequence, the 
15 clones were classified as follows: 



Endocellulases : 



CMC 1: C3/ 26, 27, XY33, XY46 

20 CMC 4: C46, 47, 50, 51, 54 , . 

101, 102, 103, 104 



CMC 5: XY4 9 

CMC 6: C49 
25 CMC 3aK: C13 

CMC EGlr C6, 11, 
22 , 23 , 



250 amino acids (SEQ ID#7) 

"1400 bp (the enzyme of the 
invention) (SEQ ID#8) 
-1050 bp (SEQ 1D#9) 
"1000 bp (SEQ IDnO) 
(SEQ ID^ll) 



15, 16> 17, 21, 

25, XY34, 41, 145 (SEQ ID#12) 



30 



3 5 



Xylanases : 



XYL 1 ; 



XYL 2 



XYL 3 



XY30, 31, 40, 42, 101, 102, 
110, 117, 'll9, 123, 125, 
136, XY56, 60, 137 
XY103, 104, 107, 108,- 109, 
113, 114, 118, 120, 121, 124, 
126, 128, 130, 134, 142, 143 
XYIISV 116, 132, 14 6 



22 }CD (SEQ ID#13) 



(SEQ ID#14) 
(SEQ ID#15)* 
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In order to express the genes i n Aspergillus the cDNA insert 
is isolated from one or more representatives of each family and 
cloned into the vector pHD4 14 which is transformed into 
5 orvzae or niaer according to the general procedure described 
below. 

Transformation of As perail J us orvzae or Aspergillus niger 
fgeneral procedure) 



10 



100 ml of YPD (Sherman et al.. Methods in Yeast Genetics, Cold 
Spring Harbor Laboratory, 1981) lis inoculated with spores of 
A. orvzae or A. niaer and incubated with shaking at 37 "C for 
about 2 days. The mycelium is harvested by filtration through 

15 miracloth and washed with 200 ml of 0.6 K VLgSO^^. The mycelium 
is suspended in 15 ml of 1.2 M MgS04 . 10 mM NaH2P04, pH = 5.8. 
The suspension is cooled on ice and 1 ml of buffer containing 
120 mg of Novozym* 234, batch 1687 is added. After 5 minutes 
1 ml of 12 mg/ml BSA (Sigma type H25) is added and incubation 

20 with gentle agitation continued for 1.5-2.5 hours at 37 'C until 
a large number of protoplasts is visible in a sample inspected 
under the microscope. 

The suspension is filtered through miracloth, the filtrate 
25 transferred to a sterile tube and overlayered with 5 ml of 0.6 
M sorbitol, 100 mM Tris-HCl, pH = 7.0. Centrifugation is 
performed for 15 minutes at 100 g and the protoplasts are 
collected from the top of the MgS04 cushion. 2 volumes of STC 
(1.2 M sorbitol, 10 mM Tris-HCl, pH = 7.5. lO mM CaCls) are 
30 added to the protoplast ^ suspeirision and the mixture is 
centrifugated for 5 minutes at 1000 g. The protoplast pellet 
is resuspended in 3 ml of STC and repelleted. This is repeated. 
Finally the protoplasts are resuspended in 0.2-1 ml of STC. 

35 100 ^tl of protoplast suspension is mixed with 5-25 ^g of the 
appropriate DNA in lb ^1 of STC. Protoplasts are mixed with 
p3SR2 (an A. nidulans aradS gene carrying pi asmid) . The mixture 
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is left at room temperature for 25 minutes. 0.2 ml of 60% PEG 
4000 (BDH 29576). 10 mM ;CaCl2 and 10 mM Tris-HCl , pH = 1. 5 is 
added and carefully mixed;: (twice) and finally 0.85 ml of the 
same solution is added and carefully mixed. The mixture is left 
5 at room temperature for 25 minutes, spun at 2500 g for 15 
minutes and the pellet is resuspended in 2 ml of 1.2 M 
sorbitol . After one more sedimentation the protoplasts are 
spread on the appropriate plates . Protoplasts are spread on 
minimal plates (Cove Biochem . Biophys . Acta 113 (1966) 51-56) 

10 containing 1.0 M sucrose,; pH = 7.0, 10 mM acetamide as . nitrogen 
source and 2 0 mM CsCl to inhibit background growth. After 
incubation for 4-7 days at 37 "G spores are picked and spread 
for single colonies. This procedure is repeated and spores of 
a single colony after the second reisolation is stored as a 

15 defined transf ormant . 

Bxample 2 

C^llulase type 4 clones C46 and C51 and a 43 kD cellulase 
20 control clone ( obtained by transforming yeast strain 0*0169 with 
pYHDlV carrying a DNA sequence coding for the 43 kD cellulase 
[isolated as described in PGT/DK91/000123] ) were inoculated in 
100 ml test tubes with 15 ml YNB-1 broth. The tubes were 
agitated at 30"C for 2 days. 5 ml of broth from each tube were 
25 then used as seed material for shake flasks containing 100 ml 
SC-H broth. The shake flasks were agitated for 4 days at BO^C. 
The cells from 20 ml of broth were collected by centrif ugation 
and mixed with 1-2 ml 0.1 M sodium phosphate buffer, pH 7 , and 
3.3 g of glass beads (420-500 ^m in diameter) in 10 ml glass 
3 0 test tubes. The crude cell extracts were collected after about 
8 minutes of agitation by means of a IKA vibrax VXR (available 
from IKA Labortechnik) . 

The cellulase activity of the- crude cell extracts from the 
35 yeast clones C46, C51 and 43 kD were measured under different 
conditions by the size of the clearing zones formed in CMC 
containing gels. * . 
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CMC crel: CMC overlayer gel as described above, 

CMC LAS gel : 2% agarose, 1% CMC in 50 inM sodium phosphate 
buffer, pH 7, boiled and mixed With one volume of 0.12% LAS. 

The cellulase activity was measured by adding 15 fxl crude cell 
extract to 4 inin (diameter) holes- in the gel. The crude cell 
extracts were diluted with one. volume of 0 . 12% LAS before 
addition to the CMC LAS gel and with one volume of water before 
10 addition to the CMC gel. The clearing ^ones were then 
visualised after 18 hours of incubation at 4 0''C by staining 
with Congo Red as described above. 



15 



The results are shown in the following table , 



Clone C46 C51 43 kD 



20 CMC 14 14 17 

CMC LAS 15 13, 0 



25 



Activities are shown as mm clearing zones. 

■ ■ ■ ■ ■ ■ . 'i ■ 

It appears from the table that the enzyme produced by C4 6/G51 
is LAS resistant. 
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SEQUENCE LISTING 



(1) GENERAL INFORI^IATION : 

5 

(i) APPLICANT:- 

(A) NAME: Novo Nordisk A/S 

(B) STREET: Noi^o Alle 

(C) CITY: Bagsvaerd 
10 (E) COUNTRY: Denmark 

(F) POSTAL CODE (ZIP) : DK-2880 

(G) TELEPHONE: +45 4444 8888 

(H) TELEFAX: +45 4449 3256 
(T) TELEX> 373 04 



15 



20 



30 



(ii) TITLE OF INVENTION: A Method of Cloning Proteins in 
Yeast 

(iii) NUMBER OF SEQUENCES : 15 



" (iv) COMPUTER READABLE FOBM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

25 (D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(EPO) 



(2) INFORMATION FOR: SEQ ID NO: 1; 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Vi) ORIGINAL SOURCE: 
40 (A) ORGANISM: Humicola insolens 

(xi) SEQCmCE DESCRIPTION: SEQ ID NO: 1: 
45 TGGCAGGAGT GTGGIGGOCT TGGCITCrOG GGOXnAOGT CCXGOXJIG^ CJCGTIAGACX; 60 
IGOGTCTACI TGAAOGACIG GTACAGCCAA TGC 93 
(2) INFORMATION FOR SEQ ID NO: 2: 

50 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDECXsESS: single 
55 (D) TOPOLOGY: linear 
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(ii) MDIEOniE TYPE: aO.^ 

(vi) ORIGINAL SOURCE: 

(A) ORSANISM: Hamicola ijnsolens 

5 

(xi) SEQUENCE DESCKEPTION: SEQ ID NO: 2: 
CAGCGCAGCC GAOGAOCTTA C3GGACAACAC AACAAOSACC AGGGCAACAT OGACAAGAAG 60 

10 

GTGAGCCCCG GCTGCCACTr CAACO^C^ 92 
(2) INFDFMmx:)N 

15 (i) SEQCJENCE GHARACTERISTICS : 

(A) lENGIH: 132 base pairs 

(B) TZPE: nucleic acid 

(C) STE^ANDED^IESS: single 

(D) TOPOLOGY: linear 



20 



25 



(ii) MOLECOLE TYPE: cDJ^ 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hamicx)la insolehs 



30 



(Ki) SBQCIENCE DESCRIPriC^: SEQ ID NO: 3: 
CC^AGGO^ GITCAA(^^ ^0 
TATCCGGCEA TCGGCAAGCA CTEACITCCr TOGGGAOGTC GTOGATICAA GCGCACATCA 120 
ATOGTCGCrr CA 
35 (2) XNHDHMATEG^ K)R SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) lENGIH: 69 base pairs 

(B) TYPE: nucleic acid 
40 (C) STElANDECJffiSS: single 

(D) TQPODDGY: linear 

(ii) KDIECUIE TYPE: cEm 

45 (vi) ORIGINAL SOOE^: 

(A) ORGANISM: Huinicola insolens 



50 



(xi) SEQUENCE DESCRIPriON: SEQ ID NO: 4: 
Clt^OGIGAA OGTQACCAAC AACAACTIGG COGIAGQGAC OGAGAACAAG CTGIGIACGA 60 
GMGCATCA 
55 (2) INK)EJ^ATION 
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(i) S-EQUENCE CHARACTERTSTICS: 

(A) UENGTH: a20 ba^e pairs 

(B) lYPE: nucleic acid 

(C) STRANDEEkESS: sijr>gle 
5 (D) TOPOLOGY : linear 

(ii) I^DIECUIE TYPE: cDm 

(vi) ORIGINAL SCyUBCE: 
10 (A) ORGANISM: Humicola insolens 

(>d.) SEQUENCE DESCRIPPION: SFQ ID NO: 5: 
15 GGA0GG?rCC3G GGA02AGGAC GGCCIGCyjIC AGCACCCAGG TCGGCmCA GOGOGOXmT 60 
GGOGOGACCA ACIGGCTCAG GCAAAACGGC AAGGITCGAC TGCTOG^OGAC TTCCCGOGGC 120 

20 (2) INHDRMAnON FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 120 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDECWESS: single 

(D) TOPOLOGY: linear 

(ii) l-DLECOIE TYPE: cEKA 

30 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Humicola insolens 



35 



40 



(xi) SEQUENCE DESCRIPrrON: SEQ ID NO: 6: 
GCCAAGTGGG TITGCCAGCA QSCCATItSAG GGGAIGCIGA ACGACCTCCA GGAGAATAGC 60 
Gzm^rCTGGA CAGCTGOGCT CTGGIGGGOG GGAGGCCCCT GG?IGGGCTIG ACTATATCIA 120 

(2) Il^imrrO^ FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1027 base palr^ 
45 (B) TYPE: nucleic acid 

(C) STRANDED^fESS: single 

(D) TOPOLOGY:- linear i 



50 



(ii) MOIECUIE TYPEticWA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Humicola Insolens 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



PCnVDK92/00360 

WO 93/11249 
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Gim^AGTGG CAGGGOXZIX: C^CAACOT CAAGAGCH^ CXX::iMX?nX. GCAAGCAGAT 360 
CX^^GCGO^^ O^C^ C^^^ 

cmocccMx. c^a^ ACAGccAG^r ^ 

C^CnX^C^C AAC^CA it^^ 

TCACnCAGC TCO^CAICA AGGACITCTT CAACIACCTT GAGOGCAACX: ATGGCIACCC 
25 GGCACGGGAG CAGAATCIX3A ■Xa^TCIACCA AGTTGGAACX: GAGIGCITCA GGqCOGGTCC 

GGCO^GC^ AOGIGCAGGG ACITCAGGGC TGACCTC^ TAAGAGGGOT CAqpGAGTA 

GGGH^Cn GCCAGGAAGC GGAGAGGAAC AAGGIAGATA I^^CAGA CAAGTCATTC 
'° GAOIGC^^ ACAOGCnO. IXXTICAIGG GCAAGACTIG CAAC^TGCCm GACAACAQK. 960 

CK3«^C ACAGGGACX^A AGAl«=^ TCX:AAAAC3X: AGAAAK^ T^G^^ 

35 TTIAGAG 

(2) INFOBMATIOTI FOR SEQ ID NO: 8: 

(i) SEQUENCE GHARAClERISTiCS: 
40 CA) imam: 872 base jLiairs 

(B) OOTE: nucleic acid 

(C) STRANDECNESS: single 

(D) TOPOIDCT: linear 

45 (U) MOIECUIE T^PE: CDNA 

(Vi) ORIGimL SCUECE: 

(A) ORGANISM: Humicola insolens 

(xi) SBQOENCE DESCRIPnCW: SES ID NO: 8: 
,,,,Z,KX:i^ CACIATIACC AIX^riGCACA GlX^Xril^ CE(^ GOGAdGGAG 
55 a^Cn^C-GGO^GGCA^ 



720 
780 
840 
900 



1020 
1027 



60 
120 
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craix?K?rcc gcttacacct Gam^EAcrr gaaq^actcg tacagcgaat gozagogcag iso 

CC3GA0GAa?r TA03GACAAC ACAACAACGC CAGGGGAAGA TX^GACAAGAA GGTGAGCCCC 240 
5 GGCIGCCACT TGAACCACK: 03GCCAAGGG GAAGTTCAAG TGGITGGC^ GAACCAGICC ' :iOO 
TCGGCTCACT TOGGGAAGGA GAGEATGOGG CEATGGGGAA GGACITACIT CdTCXXXIAC . 360 

GTCGIOlATr CAAGGGCACA TCAATCGTCG CTIGAGAOCT CaM'IN^K2GC AACTCIX^ 420 

10 

GGCIGAOGIG AACGIGACCA ACAACAACIT GGCCnPAGCG AGOGAGAACA AGCICTGTAC 480 

GAGATCCATC AG?rACCICGA CrOGGAOGGT COGGGAGGAG CAOGGCCTGC GICAGCACCC 540 

15 AGGTCGGCCr TCAGGGC3GTC ATTGGOGOGA CCAACTGGCT CAGGCAAAAC GGCAAGGTTG 600 

GACTCCrOGC: GACTIGCOGC GGOGCCAAGT GGGTITCCCA GCAGGCCATT GAGGGCATGC 660 

TCAAGCACCT' CCAGGAGAAT AGO^ATCTICT GGACAGODGC GCKJJXiaTGG GOGGGAGGCC 720 

20 

CGOX^GIGGGG TCAOTATATC TAGTaGTITC AACCrciTOG GGTATDGGCP ACACCmCTA 780 

GAATTCCCIT CTCAAGAAAT AO^TCG^ GCTGCTATAA GACCX?rGGrC CTGACTCAAG 840 

25 AGGGITTGAG AGGAAO^GAG CCCTGAGGCT TT 872 

(2) IlJTOimTIGN FOR SEQ ID NO: 9: 

(i) SEQUENfCE CHARAGTERISncS: 
30 (A) LENGTH: 368 base pairs 

(B) TYPE: nucleic acid 

(C) STE^ANDEDNESS: single 

(D) ar)POIjDGX: linear 

35 (ii) MOIJEmLE TYPE: cEm 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Humicola insolens 

40 

(xl.) SBQOENCE DESGRIPITON: SEQ ID NO: 9: 
GITCAAGG(X CIGAACAGAG GACCTCA 60 
45 ACAGAATATC GACAACCAAA CAAAACJTCAA TTCACCTCOG ATCCCAACAT CACAAGCCCT 120 
OXaGGCIGGG TOGGAACCAA CTACCrAGCC AGCCTCTCrC CATTITCCAT CTCCIAAGAC IBO 
CAACCCCCCT CCAATCICTG CCCCITAAAT CGGGTIGACC OGAATOGATC CAGATCCGCA 240 

50 

AAGACCACCT GCGAACGATC OGCIGOGCCC GCCCTGGCJTG AAGAACGACT TGGGOGGTCT 300 
OCTIGCCGGA GCAGCCACIG GACCAGIAGC TCGCOGCGGT GOGAACTTGC OCTTGEAGEA 360 
55 CCATAGGT - 
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30 



(2) INFOmMTON FOR SEQ ID NO: 10: 

(i) SBQUEMCE OiM^CTERISiniCS : 

(A) IJENGIH: 720 base^paixs 

(B) TYPE: nucleic acid 

(C) STE^ANDEEMSS: single 

(D) TOPOIDGY: linear 

(ii) ^50IECUIE TYPE: cim 

(vi) ORIGINAL sajB^:^;: 

(A) ORGANISM: Humicola insolens 



15 



20 



(Xi) SBC3CJENCE DESCRXPnON: SEQ ID NO: 10: 
NAAAGGCACC AAGC^ OGICACCIOG GGOGAGTGGG AGACGATCOG CATCACO^AG 
AACCACreGT 03CACGGCCC CGIGACGGAC GIGACCTOGC O^GCCATCAC GIGCIAOGAG 
AAGAO^ GCGAGC^ 
TCACrarcm CACX^GA^ 
25 OGGCAAGACG GCOGOGAO^ TIGAO^ GGGObcmiG TGGTTCAAGA 

CGGCCTCGTC OTG^ 

MNNNNNNAC CIX^GCCmOG TIGGCAAGZ^ GAA(^^ TCC^^ 
AOSGOacnA CXX^ 

35 GGCCl^^ GGGCGCCTAC AAGCCGAGOG ACCO^GGGAT CC^^ 

CICIACIGGC CGCOGCCGAC GCAGIACATC AACCCGGC^ OGGOGCOGGI GAAGTGCIGA 



40 



45 



50 



55 



(2) INPORMFm^ FOfR SEQ ID NO: ;11: 

(i) SEQUENCE cmRACHERlsm 

(A) lENGIH: 724 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDETXTESS: single 

(D) TOPOIDGY: linear 

(ii) MOIEGDIE TYIJE: cDMA 

(vi) OE^IGINAL SOURCE: 

(A) OEGANISM: Humicola insolens 

(xi) SEQUEtTCE DESCRXPTION: SEQ ID NO: 11: 



60 
120 
180 
240 
300 
360 
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540 
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660 
720 
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CCTAGGTCGC OCACCATXXK 'OGrncrciT GCTCrCCTOG CCIhCCIGCT CAGCGCOGCC 60 

CCGGCCIOSC CCGTCCCGGA GCIOGAGCCC CGGCAGTCOG GCAACCCCIT CTCCGGCOGC 120 
5 ACCCIGCIGG TXTACTXCGA CIA^ 

GTCCOGOGGC GACCAGACCA ACGCTCCXAA GCJTCAACTAC GTCCAGGAGA AGGPIGGCAC 240 

CrnCIATIG GACnCGAAG ATCTTCCTO:: TGOGCAGCAC TCAOGTriGCC ATCCAGAATC 300 

CGCGCOGCCA AGGCOGOSOG AGAACCCCAT CCTOGCTCTC GTCCTCTACA ACXHrXXXEA 360 

CCGCGACIGC AGCGAOGOGG CAGTACCTCT GGCmC3GITA AGCTCTCCCA GAACGGCCIG 420 

15 AACXECTAGA AGAACGACTA OGICAACCCG TTOSCCCAGA AGCTCAAGGC C3GOC?rcqGAC 480 

GTCCAGnOG CCIJLX^ATXXT CGAGCCOGAT GCGATOGGCA ACATGGTCAC GGGCACCAGC 540 

GCCITCTCGC GOLZ^OGCODG OGGCCCT^ AGGAGGCCAT OGGCTATCCT ATCTCTOCTC 600 

20 

CGCIGOGCaZ GCGAACrcCC GAGGAGGIGC CAOCATCCTC CAAAAGGCOG 660 

CTAAGAAOGC AAGAriOGOGG CITCICAGCA AOGITCCAAC TACAAGCTAT TCAOGACAAC 720 

724 

25 C5G0G 

(2) Il^I^TION FOR SEQ^ 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) lENCTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEftlESS: sirtgle 

(D) TOPOLOGY: linear 

35 (ii) ^50IECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Humicola insolens 

40 

(xi) SEQUENCE DESCRIPnON: SEQ ID NO: 12: 
CCHKXJn^ CTGCAGOGTC CTGAACAACT OGCTIx:^ 60 

45 CAACAACCAT G 

(2) DJFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENCTH: 572 base, pairs 

(B) TYPE: nucleic acid 

(C) STRANDEE3NESS : single 

(D) TOPOIJDGY: linear 

55 (ii) MDLECUIB TYPE: cDNA; 



71 
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(vi) OPIGINM. SOURCE: 

(A) OE^GANISM: Humicola j.iisolens 

5 (Ki) SEQCJINCE DESCRIPriON: SEQ ID NO: 13: 

GGcamx2cc GcriniTCAG TiCTGmaiv ti:mccagc^ Acim--ACTr caccatggtc so 

TOGCICAACT GGCOGCCAOG GCTCl^AGCT CTGCC'ATrSC TCOCCCTriT 120 

10 

GACTICGITC CrOSGGACAA CrOGAOGGCG CrrCAGGCrC GCCAa^lX^C CCCCAAO^CC 180 

GAGGGCIGGC AGAACGGCIA CITCIACTO^ ll^GTC^^ A03GC3GGAGG CCN^JX:AG 240 

15 mO^CCAACC OXXSAGGGCAG COGCIACCAr.^C^ CTAACACOGG CAACTTCCTC -300 

GGIGGI3^GG CTIGGAACCC GGGAACOGC^ GJGCACGAT^ ACma^GOGG CIACTrGAAC 360 

OOGCAGGGCA AOGGdACCT GGCOGIOAC GGCTGGACCC GGAACCO^CT CX^IU^CTA 420 

20 . 

TATCTCATCX? AGKDCTACGG CAOGTACAAT CC03GCAGCC AGGCItlACTA CAAGGGCACA 480 

TTCIAIACOG AGGGOGATCA GTATGAGATC TITCIGAGCA OXXn: CGAGCCCAGG 540 

25 AICAOGGCAC CC»:SAamx: AGC^ ^"^^ 

(2) mFORMATTON FOR SEQ ID NO: 14c 

(i) SEQJmCE <^^ 
30 (A) liENGIH: 173 base pairs 

(B) TOPE: nucleic acid 

(C) STRANDEEMESS: single 

(D) TOPOLOGY: linear 

35 (ii) I^IECGa:^ type: cI^MA 

(vi) ORIGINAL saiRCE: 

(A) ORGANISM: Humicola insolens 

40 

(xi) SEQDENCE DESCRIPnON: SEQ ID NO: 14: 
AAAGIAGATC GJyxnXKHXXl CIAGAAACCA CTCSlCICATr CACAA^^^^ TCjm:CGCTC 60 

45 TCGCICHGC TGOGGCICOG GGCCTCCTCG CCCAGTCCCA GCICIX:^;G0C AGTCOSG^ 120 
CATCGGCIGG AACGGCCIAC GACTIGOCTC Ta^GGOGCIA CCTGCACCAA GAT 173 
(2) INPORI^AnON POR SEQ ID NO: 15: 

50 

(i) SEQUENCE CHAPACEERISTIGS : 

(A) LENGTH: 214 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDErmsS: single 
55 (D) TOPOIDGY: linear 
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(ii) MDIECQIE TYPE: cEX^IA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Humicola insolens 

5 . 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 15: 
AAAGCOGG?^ OGATCAAGAA CCCAAGGACT CTGTCAAAAT GGTCGCCTIC TOGTCCXirCT 60 

,. 10 

TCCKX]ai!GC TJ^^ 120 
ACCTX^CAA GOircAGACC^T^ AGOGCTACCG GCACTCACAA OGGCTACAlt: 180 

15 TICTXXIIT^ 214 
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CLAIMS 



5 1. A method of screening for a DNA sequence coding for a 
protein of interest, the method comprising 

(a) cloning, in suitable vectors, a DNA library from an 
organism suspected of producing one or more proteins of 

10 interest, 

(b) transforming suitable yeast host cells with said vectors, 

(o) culturing the host cells under suitable conditions to 
15 express any protein of interest encoded by a clone in the DNA 
library, and 

(d) screening for positive clones by determining any activity 
of a protein expressed in step (c) . 



20 



2. A method according to claim i, wherein the DNA library is 
a cDNA library prepared from the mENA of an organism suspected 
of producing one or more proteins of interest. 

25 3. A method according to claim I or 2, wherein positive clones 
isolated in step (d) are subjected to rescreening, reisolatxon 
and recloning- 

4. A method according to claim 1 or 2, wherein the organism 
30 suspected of producing one or more proteins of interest xs a 

eukaryotic organism- 

5. A method according to claim 4, wherein the eukaryotic 
organism is a fungus . 

6. A method according to claim 4, wherein the e^ilcaryotic 

organism is a plant* 
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7 . A method according to any of claims 1-6, wherein the protein 
of interest is an enzyme. 

8. A method according to claim 1, wherein the yeast host cell 
5 is a strain of Saccharomvces cerevisiae , Schizosaccharomyces 

p.ombe , Hansenula, PichXa, Yarrowia lipolytica or Kliiyveromyces 
lactis « ] 

9. A process for producing a protein of interest in a 
10 heterologous host cell, the process comprising transforming a 

suitable heterologous host cell with a DNA sequence coding for 
a protein of interest, which DNA sequence has been isolated by 
the method of claim 1, culturing the transformed cells under 
suitable conditions to express the protein, and recovering the 
15 expressed protein from the culture. 

10. A process according to claim 9, wherein the DNA sequence 
coding for the protein of interest has been isolated by the 
method of claim 3. 

20 

11. A process according to claim 9 or 10, wherein the protein 
— of interest is an enzyme. 

12. A process according to any of claims 9-11, wherein the host 
25 cell is a strain of Aspergillus , for instance a strain of 

Aspergillus orvzae or Aspergillus niger . 

13. An enzyme which exhibits cellulase activity/ and which has 
the following characteristics 

30 

(a) the DNA sequence encoding the enzyme has been isolated from 
a DNA library of Humicola insolens , 

(b) said DNA sequence comprises at least one of the following 
35 partial sequences 
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(i) 



TGGCAGCAGT GTGGTGGGGT 
CCTGTGTGTC CGGTTACACG 
GTACAGCCAA TGC 
(SEQ ID#1) 



TGGCTTCTCG 
TGCGTGTACT 



GGCTCTACGT 
TGAACGACTG 



(ii) 



10 



(iii) 



15 



(iv) 



CAGCGCAGCC GACGACGTTA 
AGGGCAACAT CGACAACAA'G 
CAACCACTCCG G 
(SEQ ID#2j 



CCAAGGCGAA 
GCTGAGTTCG 
CTTACTTCCT 



GTTCAAGTGG 
GCAAGGAGAG 
TCGCGACGTC 



ATCGTGGCTT CA ( SEQ ID#3 ) 



CGGACAACAC 
GTCAGCCCCG 



TTGGCATCAA 
TATCCGGCTA 
GTCGATTCAA 



AACAACGACC 
GCTGCCACTT 



CCAGTCCTGC 
TGGGCAAGCA 
GCGCACATCA 



CTGACGTGAA CGTGACCAAC AAGAACTTGG CCGTAGCGAC 
CGAGAACAAG CTGTGTACCA GATGCATCA (SEQ ID#4) 



(V) 



20 



GGACGGTCCG GCACGAGCAC GGCCTGCGTC AGCACCCAGG 

TCGGCCTTCA GCGCGTCATT GGCGCGACCA ACTGGCTCAG 

GCAAAACGGC AAGGTTGGAC TGCTCGCGAC TTGCCGCGGC (SEQ 
ID#5) 



(Vi) 



25 



30 



GCCAAGTGGG TTTGCCAGCA GGCCATTGAG GGCATGCTGA 

ACCACCTCCA GGAGAATAGC GATGTCTGGA CAGGTGCGCT 

CTGGTGGGCG GGAGGCCCGT GGTGGGGTTG ACTATATCTA (SEQ 
XD#6) 



(c) the enzyme comprises a cellulose-binding domain^ and 

(d) the enzyme exhibits endocellulase activity in the presence 
of linear alkyl benzene sulfonate. 



14, An enzyme according tO; claim 13, a crude extract (15 /il) 
35 of which diluted with one volxime of 0,15% linear aDcyl benzene 
sulfonate and added to a 2% agarose gel containing 1% 
carboxymethyl cellulose in 50 mM sodium phosphate buffer. 
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pH 7, mixed with one volume of 0.15% linear alkyl sulfonate 
forms a clearing zone in said agarose gel after 18 hours of 
incubation; which clearing zone is equal to (less 3 inm) the 
clearing zone formed in a similar carboxymethyl cellulose gel 
5 not containing any linear alkyl benzene sulfonate, provided 
that the concentration of enzyme in the extract is such that 
a clearing zone of at least 10 mm "is formed in a carboxymethyl 
cellulose gel (with no linear alkyl benzene sulfonate) under 
the conditions specif led above * 

10 

15. A detergent additive comprising an enzyme exhibiting 
cellulase activity according to any of claims 13-14, preferably 
in the form of a non-dusting granulate, stabilised liquid or 
protected enzyme. 

16, A detergent additive according to claim 15, which further 
comprises one or more t>ther enzymes such as a protease, 
amylase, lipase or peroxidase. 

20 17. A detergent composition comprising an enzyme exhibiting 
cellulase activity according to any of claims 13-14. 

IB. A detergent composition according to claim 17, which 
further comprises a lineat alkyl benzene sulfonate surfactant- 

25 

19. A detergent composition according to claim 17 or 18, which 
further comprises one or more other enzymes such as a protease, 
amylase, lipase or peroxidase. 



3 0 
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Method of screening for a DNA sequence coding for a protein of interest, 
the method comprising 


(a) 


cloning, in suitable vectors, a DNA library from 
of producing one or more proteins of interest, 


an organism suspected 


(b) 


transforming suitable yeast host cells with said 


vectors , 


(c) 


culturing the host cells under suitable conditions to express any 
protein of interest encoded by a clan^ in the DNA library v and 


(d) 


screening for positive clones by determining any 
expressed in step (c). 


activity of a protein 



An enzyme which exhibits cellulase activity and has been isolated from DNA 
library of Humicola insolens. The enzyme has a cellulosebinding domain and 
exhibits endocellulase activity in the presence of linear alkyl benzene 
sulfonate . 
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